The structure and immunomodulatory activity on intestinal epithelial cells of the EPSs isolated from Lactobacillus helveticus sp. Rosyjski and Lactobacillus acidophilus sp. 5e2 
Introduction
Exopolysaccharides (EPSs) are long-chain polysaccharides naturally released by a variety of both Gram-positive and Gram-negative bacteria during growth [1] [2] [3] . EPSs play a major role in bacterial attachment and biofilm formation [4] [5] [6] and it is has been shown that EPS-deficient mutants completely lack the ability to form biofilms in vitro 7, 8 . Additionally, they are thought to be responsible for enhancing nutrient and water entrapping abilities of bacteria 4 . The inclusion of EPSs and EPS producing bacteria in food and food supplements is becoming more common, originally they were added as biothickening agents 9, 10 and as moisture retention agents 11 .
However, more recently there have been an increasing number of reports claiming health benefits associated with the consumption of EPS producing bacteria: mostly lactic acid bacteria (LAB) and bifidobacteria 12 13-17 .
Those EPSs which are synthesised at the cell membrane and subsequently A high proportion of bacteria used in the food industry and indeed, naturally residing within the intestine, such as LAB and bifidobacteria, are EPS-producing thus it is surprising that very little research has been undertaken into the immunomodulatory potential of EPSs with the intestinal epithelial layer, particularly as it is known that EPSs can survive transit through the gastrointestinal tract 20 . EPSs have previously been considered in immunomodulatory studies utilising macrophage cell models, with the up-regulation of both pro-and anti-inflammatory cytokines, such as TNF-α, IL-6 and IL-10, observed in response to challenge with EPSs [13] [14] [15] 17 . It has been suggested that these differential effects could be correlated with physiochemical properties with large EPSs suppressing the immune response and those with acidic groups stimulating macrophages. 21 there is no information on its structural and possible biological activities. In this paper, the results of experiments undertaken in order to characterise this novel EPS and to investigate its immune modulation activity in cultured intestinal epithelial cells is described. In addition, its immunomodulatory potential is compared with that of an EPS isolated from Lactobacillus acidophilus sp. 5e2 the structure of which has been previously described 23 . H-HSQC-TOCSY spectra (not shown) and the assignments are tabulated in Table   1 . Table 1 here.
Results and Discussion

Structure of the exopolysaccharide isolated L. helveticus sp. Rosyjski-
The Whilst we cannot completely rule out that small levels of impurities are responsible for some of the biological activity that is observed; it is highly unlikely that this is the case. The choice of Gram positive bacteria lacking flaggellin, the method of isolation of the EPS and the processes used for its purification have been developed in order to reduce as far as possible the contamination of the EPS by bacterial cell wall antigens.
Immunomodulatory activity of Lactobacilli EPS the effect of exposure on
chemokine production-The enteric microflora is thought to play a key role in intestinal homeostasis 24 , with non-pathogenic bacteria, such as lactobacilli and bifidobacteria, characterised by their differential stimulation of intestinal epithelial cells [25] [26] [27] and intestinal-associated immune cells, such as dendritic cells and macrophages 28, 29 .
. In addition to being part of the normal enteric microflora specific strains of lactobacilli and bifidobacteria are the most commonly used probiotic bacteria. Previously, EPSs isolated from such bacteria have shown immunomodulatory activity with immune cells such as macrophages and lymphocytes [13] [14] [15] 17 . However, the first line of defence in the intestinal tract is the epithelial layer, a one-cell thick barrier which lines the lumen of the gut; however, In the experiments reported here lactobacilli EPS were applied directly to HT2919A
cells. This cell line was chosen because it has previously been shown that these cells expresses a full complement of pattern recognition receptors (PRR) and that these are coupled to cytokine responses 30, 31 . It is important to note that HT2919A cells are not 'professional immune cells' and that they require a challenge from a substantially higher concentrations of bacterial antigens before a biological response is observed. Despite this the EPSs from L. helveticus sp. Rosyjski stimulated a
small, yet statistically significant (p ≤ 0.01), increase in expression of the proinflammatory chemokine, IL-8, (Fig. 5a) , and increased levels of IL-8mRNA (upregulated ~4-fold, p≤ 0.05, Fig. 5b ). In addition, despite the recently discovered potential of HT29 cells to secrete the anti-inflammatory cytokine, IL-10 32 , the L.
helveticus sp. Rosyjski EPS did not stimulate either mRNA or protein expression of IL-10 (data not shown).
Figures 5a and 5b here
As a direct comparison, we studied the effect on intestinal epithelial cells of the EPS from a separate strain of lactobacilli, L. acidophilus sp. 5e2 the structure of which has been previously described 23 and reproduced here ( acidophilus sp. 5e2 EPS as occurred with L. helveticus sp. Rosyjski (Fig. 5 ). Both
EPSs were used in the cell assays at a final concentration (20 µg/ml) similar to that which has been reported to accumulate in the culture media of a number of EPS producing strains of lactobacillus 33 . As the concentration of EPS is relatively high, it could be argued that the levels of impurities will be above those where they might be expected to contribute to the observed biological activity; indeed this would be true for macrophages, however, much higher concentrations of protein and nucleic acid antigens would be needed before a response from epithelial HT2919A cells could be expected.
Previously, evidence has been presented that the immunomodulatory effects of somewhat paradoxically, be beneficial, priming the intestine and thus allowing a more controlled and rapid response to pathogenic bacteria.
As previously stated there is very little information on the receptors which mediate the cellular activity of EPSs, although it is suspected that this is via the TLR family, it was therefore decided to study the effect of the two EPSs on TLR mRNA expression.
On incubation of HT29-19A cells with 20 µg/ml of L. acidophilus sp. 5e2 EPS for 24 h, mRNA expression of TLRs-1, -2, -5 and -9 was significantly (p ≤ 0.05) increased (Fig. 7) . However, despite a ~3-fold increase, the change in expression of TLR-4 mRNA was not statistically different from the control level (Fig. 7 ). Cells challenged with L. helveticus sp. Rosyjski EPS, showed significant (p ≤ 0.05) up-regulation of TLRs-1, -2, -4 and -5 mRNA, (Fig. 7) . In contrast, TLR-9 mRNA expression was down-regulated, such that no detectable levels were observed (Fig. 7) . It is very clear from the current results that when challenged with the EPSs, HT29-19A cells exhibited a very significant up-regulation of TLR-2 mRNA expression (Fig. 7) . It has previously been reported that upon binding their cognate receptor, TLR agonists have been shown to cause an up-regulation of the receptor in question [36] [37] [38] , therefore, we can hypothesise that the up-regulation of TLR-2 mRNA is due to direct association of the EPSs with TLR-2 Figure 6 here
Monitoring the ability of lactobacilli EPS to prime the immunomodulatory activity of epithelial cells to subsequent challenge by bacterial antigens.
Currently, little is known of the cellular pathways involved in the interaction of bacterial SPSs with cells of host organisms. However, a recent study on a novel EPS (TA-1) isolated from the thermophilic marine bacterium, Thermus aquaticus, was shown to stimulate the release of proinflammatory cytokines, TNF-α and IL-6, from murine macrophages via a TLR-2-mediated pathway 22 . This is consistent with the fact that TLR-2 is well characterised in its interactions with a diverse range of microbial components 39, 40 . additionally an agonist for TLR 9, CpG oligodeoxynucleotide (ODN) of bacterial origin was also tested. Aberrant responses to these bacterial antigens are believed to play a key role in the pathogenesis of inflammatory bowel diseases, therefore, we were interested to see if exposure to EPSs could modulate the cellular response to these. Cells which were pre-treated with 20 µg/ml of EPSs for 24 h and subsequently challenged with peptidoglycan (PGN; 500 µg/ml) exhibited a small but statistically significant (p < 0.05) increase in IL-8 release, when compared to cells pre-treated with cell culture media alone (Fig. 8) . Additionally, cells pre-treated with L. helveticus sp. Rosyjski EPS and challenged with flagellin (100 ng/ml) afterwards, secreted significantly (p < 0.05) increased levels of IL-8 (Fig 8) .
The results of these experiments suggest that the up-regulation of TLR-2 appears to Importantly, the present data indicates that exposure to these EPSs result in the increase of mRNA for other TLRs involved in bacterial recognition, and thus they would have the potential to sensitise the intestinal epithelial cells to various PAMP's.
However, at the same time they had limited effect on the potential of the range of bacterial products tested here to stimulate IL-8 secretion in HT29 cells. Taken together these data indicate a possible beneficial role for these EPSs in modulating intestinal inflammation via a direct interaction with the intestinal epithelium.
In conclusion, the structure of a novel EPS isolated from a strain of lactobacillus 
EPS isolation and purification-The multistep extraction and purification of EPSs
from lactobacilli cultures used here has been described previously 10 . Briefly, L. was re-dissolved in deionised water (~50 ml). Gentle heating in a water bath at 50°C
was required for complete dissolution of the pellet. The dissolved crude EPS was subjected to another precipitation step followed by subsequent centrifugation as described above. The pellet obtained was then re-dissolved in a minimum of deionised water (~10 mL); again gentle heating in a water bath at 50°C was required for complete dissolution of the pellet. Small neutral sugars were then removed by dialysis, for 72 h at 4°C, against three changes of deionised water per day. After three days, the contents of the dialysis tubing was collected in a round-bottom flask and lyophilised. The dry mass of the EPS produced was then determined.
3.3 Measurement of purity and mass average molecular mass M w-the purity of the EPS was determined using a combination of biochemical methods and SEC-MALLS and NMR analysis. The carbohydrate content was determined using the procedures described by Dubois et al 44 , the protein content was measured using the Bradford assay 45 and the nucleic acid content was determined spectrophometrically using SEC-MALLS linked to a UV detector (A260 nm) with prior calibration of the instrument using a DNA ladder purchased from Promega UK (Southampton, UK).
The water content of solid EPS samples was determined using a Karl-Fischer autotitrator. The phosphorus content of each batch of the EPSs was monitored using and the mass average molecular mass was measured using a Dawn-EOS MALLS operating with a 690 nm laser (Wyatt technology, Santa Barbara). The Astra software was used to analyze the light scattering data using the Zimm method. ) and using a temperature programme (start temperature 150 °C, hold time 4 min., and a final column temperature of 250 °C reached via a rising gradient of 4 °C/min.). Under the standard conditions for the analysis of monomers the integral area for the amino-sugar was very small this is a consequence of on column thermal decomposition, problems with the analysis of amino sugars has been well documented; the final monomer ratio was taken from integration of the NMR peak integrals for the respective anomeric protons. The absolute configurations of monosaccharides were determined by conversion to their butyl glycosides using the procedure described by Gerwig et al 46 .
Monomer composition and linkages of the -EPS
For linkage analysis, the EPS was permethylated using the procedures described by 
